Study objective-To determine the extent to which individual diseases, when recorded as being present shortly before death, were certified as causes of death.
Design-Retrospective cohort study in which the "subjects" were computerised linked records.
Setting-Six districts in the Oxford Regional Health Authority area (covering a population of 19 million people). Subjects-Linked abstracts of hospital records and death certificates for people who died within four weeks and, for some diseases, within one year of hospital admission. Main outcome measures-The percentage of people with each disease for whom the disease was recorded as the underlying cause of death, was recorded elsewhere on the death certificate, or was not certified as a cause of death at all. Results-Three broad patterns of certification are distinguished. Firstly, there were diseases that were usually recorded on death certificates when death occurred within four weeks of hospital care for them. Examples included lung cancer (on 91% of such death certificates), breast cancer (92%), leukaemia and lymphoma (90%), anterior horn cell disease (89%), multiple sclerosis (89%), myocardial infarction (90%), stroke (93%), aortic aneurysm (87%), and spina bifida (89%). These diseases were also usually certified as the underlying cause of death. Secondly, there were diseases which, when present within four weeks of death, were commonly recorded on death certificates but often not as the underlying cause of death. Examples included tuberculosis (on 76% of such certificates; underlying cause on 54%), thyroid disease (49%; 21%), diabetes mellitus (69%; 30%) and hypertension (43%; 22%).
Thirdly, there were conditions which, when death occurred within four weeks of their treatment, were recorded on the death certificate in a minority of cases only. Examples ofthese included fractured neck offemur (on 25% of such certificates), asthma (37%), and anaemia (22%). Not surprisingly, there was "convergence"l in certification practice towards the common cardiovascular and respiratory causes of death. There was also evidence that conditions regarded as avoidable causes of death may not have been certified when present at death in some patients. Conclusion-When uses are made of mortality statistics alone, it is important to know which category of certification practice the disease of interest is likely to be in. Linkage between morbidity and mortality records, and multiple cause analysis of mortality, would considerably improve the ability to quantify mortality associated with individual diseases.
Epideyniol ComunimlIxt Health 1993; 47: 491-496 Mortality statistics are among the most universally used data on the occurrence of disease. They can be regarded as representing the extreme tip of the disease "iceberg",' but they represent an uncertain tip: the extent to which individual diseases are recorded on death certificates, when present in people who die, is unknown.
A disease may be present at death but not recorded on the death certificate for one of two main reasons. Firstly, its presence may be unknown to the doctor who certifies death. There are a number of published reports on the role of the necropsy to establish the cause of death in individual patients and, more generally, to advance clinical knowledge and the quality of death certification.> The results of necropsy studies indicate that generalisations are difficult: for example, the contribution of necropsy findings to the accuracy of certification varies according to the disease, the patients' age, and, with increasing sophistication of non-invasive diagnostic methods in life, it probably also changes over time. Secondly, a disease which is present at death may be unrecorded because it is not considered to be sufficiently relevant to merit recording on the death certificate. To seek insights into the latter, record linkage was used to identify records of people who died soon after hospital inpatient care. Comparisons were made between the hospital record abstract and the death certificate to determine, by disease, the extent to which the main diagnosis on the former appeared as a cause of death on the latter.
Method
Data from the Oxford record linkage study (ORLS) were used. The ORLS includes computerised statistical abstracts of records of hospital admissions and death certificates organised so that successive records relating to the same person are linked together. '8 19 Over the period covered by this paper, data collection was undertaken in all hospitals in six of the eight health districts of the Oxford region (population covered by data collection: 1*9 million). Death certificates were provided by the Office of Population Censuses and 4I9 2A Goldacre Surveys for all residents of the area covered, regardless of where death had occurred. All causes of death recorded on each certificate were coded by ORLS clerks according to the normal conventions of the International Classification of Diseases (ICD).-" Computer linkage from hospital records to death certificates is known to be effected with a high degree of accuracy.2t
Anonymised abstracts of records of inpatient care were used for all people admitted to hospital between 1979-86 with linkage to data from their death certificates to the end of 1987. Hospital records were analysed according to the main diagnosis on each record. Cohorts of records for each main diagnosis were constructed. When an individual had more than one hospital record for the same main diagnosis, the record selected for inclusion was the first in the period. When an individual had hospital records with different main diagnoses, each main diagnosis was included. The data were analysed to determine the extent to which each main diagnosis was recorded on the (42) ut.Iderlvipig cauise (So (Io()) indicated in table I). For example, the five ICD codes which cover hypertensive disease were grouped: patients who had one code for hypertension on the hospital record and a different three-digit code, but also for hypertension, on the death certificate were deemed to have the hospital diagnosis on the death certificate. Two main time periods were studied deaths within four weeks and within one year of hospital admission. The former period was chosen on the assumption, discussed below, that a disease which required hospital admission within four weeks of death would usually have been relevant to, or at least present at, death. The latter period was chosen partly because similar reasoning applies to chronic diseases treated in the last year of life, and partly to determine, for such diseases, if certification was similar whether the four week or the full year period was used. 24 The high level of agreement found between hospital and death records for conditions where a high level of agreement might be anticipated (eg lung cancer, breast cancer, leukaemia, spina bifida) also suggests that there are no major intrinsic technical flaws in the record systems. Whilst some errors are possible, these are unlikely to be a major explanation for the general pattern of findings in this study.
The patients whose data are shown in table I are a selected subset of all patients with each disease because they were those who were admitted to hospital soon before death. It is difficult to judge how far the results might apply to a wider population of patients with each disease, including those who die without recent hospital care, and to national mortality statistics. There are, however, consistencies between the findings in this and other studies of different design. For example, when a cancer is present (or believed to be present) before death it is usually a certified cause of death although there may be variation between the ante mortem and necropsy diagnoses in respect of site.4 9 l l A study of 2134 members of the British Diabetic Association who died showed that diabetes was the underlying cause of death for 18%S, and was mentioned on the death certificates for 67% of the individuals.25 These figures compare with 23% and 64%, respectively, in diabetics in the present study (table II) . Studies in other countries have shown similar results for diabetes. 26 29 Similar findings to those reported here have also been found elsewhere for fractured neck of femur, motor neurone disease, and cirrhotic liver disease.30 3 EVIDENCE AND JUDGEMENT IN CERTIFYING DEATH Diagnostic information which was not available at the time of the hospital admission may have become evident closer to the time of the patient's death, or at necropsy, to alter the diagnosis which was made at the time of hospital care. This is the likely reason why, in people who died after an admission with a diagnosis of stomach cancer, the next most common certified cause of death after stomach cancer was oesophageal cancer. Conversely, in people who died after admission with a diagnosis of oesophageal cancer, the next most common certified cause of death after oesophageal cancer was stomach cancer. Routine linkage between hospital records and death certificates could be used to highlight clinical areas of diagnostic difficulty.
For some conditions it is possible that the levels of agreement shown here between the hospital and death records are spuriously high. If a patient has presented clinically shortly before death, the diseases which are known or believed to have been present at that time may be considered to be the causes of death by the certifying doctor who may therefore feel that a necropsy is not warranted. Emery pointed out that even where there is a necropsy, consistency of agreement between the clinician and pathologist is only a partial test of accuracy because the pathologist is aware of the patient's clinical history: "it is biased in favour of a persistent diagnosis". 3 It is also possible that when a patient who has not been investigated shortly before death, dies, the last known major disease may be regarded as the cause of death.
This may account for the finding, which was not anticipated, that there tended to be closer agreement between the hospital diagnosis and the underlying cause of death in people who died from cancer at the longer time interval (table II) than  the shorter time interval (table I) after hospital care.
The precise cause of death in patients with multiple pathologies may, of course, be a matter of almost arbitrary choice. For example, Pemberton commented that a doctor may judge that a patient who died after a fractured neck of femur would not have sustained the fracture and died if it had not been for underlying osteoporosis3'; and that, in a particular patient, the fracture and death would not have occurred without underlying cerebrovascular pathology.3' Guralnick cited the example of choice between coronary heart disease and diabetes mellitus as the underlying cause of death in people who die with both.3' Underestimation of the contribution of individual diseases to mortality is an inzevitable consequence of single-cause analysis of mortality statistics when multiple pathology is present. Much has been written about multiple-cause analysis3'1 38 but it is uncommon. It would enable account to be taken more accurately of multiple pathologies in assessing the contribution of individual diseases to mortality; and it would aid assessment of variation in certification practice, and changes to certification rules over time, 39 40 when underlying causes of death are chosen from several causes on the death certificate. Multiple cause coding has not been undertaken routinely, except in occasional years, for national mortality data in England. It is scheduled for introduction in the mid-1990s. It has been undertaken routinely in the ORLS and is used in the results in tables I and II ("underlying cause" and "any mention"). As the tables show, some of the "under-certification" of individual diseascs seen when judged from "underlying cause" alone is substantially reduced when all certified causes are considered.
IMPLICATIONS
When a condition is known to be present at or shortly before death the certifying doctor may judge that it is not a contributing cause or that, if it is, it is not the underlying cause of death. In this study it is not possible to know the extent to which each recorded ante mortem disease actually contributed to death, but 
